Background. Endometriosis (EM) interferes with the reproductive process and affects the success rate of in vitro fertilization (IVF). Inflammatory cytokines are suggested to play a role in infertility in patients with EM.
Introduction
Inflammatory cytokines are suggested to play a role in infertility in patients with endometriosis (EM). Previously, a meta-analysis carried out on the effects of endometriosis on in vitro fertilization/embryo transfer (IVF/ET) outcomes concluded that EM interferes with all aspects of the reproductive process, and the success rate of in vitro fertilization (IVF) in EM patients was almost half compared to women without EM. 1 However, the mechanism by which EM affects fertility in IVF remains unclear. Human follicular fluid forms the microenvironment of the developing oocyte and has an important influence on oocyte quality, embryo development, and implantation. 2 In this study, we measured the follicular fluid (FF) and serum concentrations of resistin and interleukin 23 (IL-23) in EM and control patients and in different stages of EM, and retrospectively assessed IVF-ET outcomes in order to understand the possible impact of EM on IVF-ET outcomes.
Material and methods

Patients
This study was approved by the Ethics Committee on Human-Assisted Reproduction of Fuzhou General Hospital, and informed consent was obtained from all the study participants.
This was a randomized controlled retrospective database-search study of a total of 116 infertile patients from January 2012 to December 2012. The patients were 22 to 38 years old (mean age 30.67 ±4.32). The study group consisted of 76 women diagnosed with EM (40 with stages I-II and 36 with stages III-IV) with no other factor than EM causing infertility. The control group consisted of 40 women with tubal factor infertility. A total of 25, 15, 19, and 17 women in the study group had stages I, II, III, and IV EM, respectively. The EM was confirmed by laparoscopy, and all the patients were treated surgically. The patients in the EM group were scored according to the revised American Fertility Society (AFS) classification (1997). 3 Based on the observation of ectopic endometrial parts in laparoscopic surgery, the number, size, degree of adhesion rate, and scores of stages I-IV EM patients were 1-5, 6-15, 16-40, and >40, respectively. Clinical and laboratory data was analyzed.
Inclusion criteria
Patients were recruited to the study based on the following inclusion criteria: (1) women under the age of 38 years; (2) those with ≥10 punctured follicles or retrieved oocytes; (3) those who were receiving IVF-ET for the first time; (4) underwent transfer of 1-2 embryos; and (5) had not received drugs affecting the function of the hypothalamus-pituitary-ovarian axis for at least 3 months before the study.
Exclusion criteria
The following exclusion criteria were applied: (1) women above the age of 38 years; (2) those with basic FSH (bovine follicle-stimulating hormone, bFSH) levels >11.0 mIU/m; (3) patients with autoimmune disease, liver disease, diabetes, or malignant tumors; (4) reproductive organ dysplasia; (5) acute pelvic inflammation and other changes confirmed by laparoscopy; and (6) inadequate data for analysis.
Controlled ovarian stimulation
Pituitary-ovarian suppression was achieved by administration of the standard "long protocol" gonadotropinreleasing hormone analogue (GnRH) agonist with triptorelin acetate (Decapeptyl, Ferring, St. Prex, Switzerland) starting in the midluteal phase of the preceding cycle. When complete pituitary desensitization was confirmed by low plasma E 2 levels ≤30 pg/mL, LH level ≤2 mIU/mL, E2 <30 pg/mL and endometrial thickness <5 mm, the dosage was decided according to the age, basal endocrine, anti-Müllerian hormone (AMH), antral follicle count (AFC), and body mass index (BMI).
Ovarian stimulation was initiated by administration of recombinant FSH (Gonal-F, Serono, Switzerland; or Puregon, Schering-Plough, USA). The stimulated cycles were monitored by daily transvaginal ultrasonography (TVS) and intermittent assessment of the serum E 2 levels. The daily gonadotrophin dose was customized based on an individual dose-response scheme. Final maturation of oocytes was induced by injection of 250 µg of recombinant human chorionic gonadotrophin (hCG; Ovidrel, Serono, Switzerland) when the serum E 2 level was ≥150 pg/dominant follicle and the 2 leading follicles reached a mean diameter of 18 mm. The oocytes were retrieved transvaginally 34-36 h after hCG administration. Usually less than 2 best-quality embryos were transferred on day 3 after oocyte retrieval, and any extra good-quality embryos were cryopreserved for subsequent frozen-embryo transfer (FET) cycles.
Collection of serum and follicular fluid
Serum samples were collected on the day of hCG trigger. Ovarian follicular fluid samples were collected during oocyte retrieval by follicle aspiration using transvaginal puncture assisted by ultrasonic guidance. All visible follicles were aspirated separately. Samples of yellow, clear FF were centrifuged at 1500 rpm for 10 min. The clear supernatants were stored immediately at -80°C. Only material from the first 2 or 3 aspirated follicles was used in order to avoid contamination with blood. No contaminated samples were used for further analysis.
Quantification of resistin and IL-23
Resistin and IL-23 ELISA kits were purchased from Xin Bo Sheng Biotechnology Co. The operation was carried out according to the kit instructions.
High-quality embryos and pregnancy outcome
Good-quality embryos were identified as 2 pn, with at least 7 blastomeres and ≤20% fragmentation. One or 2 embryos were chosen for transfer to the uterus under vaginal ultrasound guidance. The serum hCG was measured 2 weeks after embryo transfer to diagnose pregnancy, and the pregnancy was clinically confirmed by ultrasound at the 4 th week after ET. Transplantation was canceled in the case of uterine cavity effusion, endometrial thickness <7 mm, E 2 on hCG day >5000 pmol/L, and/or oocyte number >15.
Statistical analysis
All results are expressed as mean ±SE. All data was analyzed using Statistical Package for Social Sciences (SPSS) v. 16 .0. Student's t-test (for 2 groups) and analysis of variance (ANOVA; for more than 2 groups) were used for statistical analysis. The clinical pregnancy rates of the different groups were analyzed using the Student's t-test. P-values of <0.05 were considered significant.
Results
Resistin and IL-23 levels in FF and serum in the 2 groups Table 1 presents the FF and serum resistin and IL-23 levels in both groups. The resistin levels in the FF and serum were significantly higher in the EM group than in the control group (p < 0.05). The FF a nd ser u m I L -23 level s showed an increasing trend in the EM group compared to the control group, but this difference was not statistically significant (p > 0.05). Table 2 presents the FF and serum resistin and IL-23 levels in different stages of EM (groups I-II and III-IV). The resistin and IL-23 levels in the FF was significantly higher in EM stages III-IV than in EM stages I-II (p < 0.05). The resistin and IL-23 levels in the serum were also significantly higher in EM stages III-IV than in stages I-II (p < 0.01). Tables 3 and 4 present the general data and clinical COS outcomes of the patients in the 2 groups. The E 2 level on the day of hCG administration and the implantation rate were significantly lower in the EM group than in the control group (p < 0.05). However, the downregulation duration, Gn dose, Gn duration, rate of fertilization, cleavage and clinical pregnancy, ovarian hyperstimulation syndrome (OHSS) and abortion showed no statistical significance between the 2 groups. 
FF and serum resistin and IL-23 levels in different stages of EM
General information
Discussion
Endometriosis is a chronic disease characterized by the presence of endometrium-like tissue outside the uterus, most commonly on the ovary. It affects 10-15% of women of reproductive age. 4 Previous studies have reported that 30-40% of infertile women have endometriosis, and these women are 20 times more likely to have EM than fertile women. 5, 6 EM is a complex genetic diseases whose pathogenesis is closely related to heredity, immunity, hormones, and environment. 7, 8 The mechanism by which EM causes infertility is yet to be understood, and it may be due to the ectopic lesions caused by EM on oocytes and embryos and other harmful endometrial factors that may affect the quality of embryos and implantation. There is increasing evidence suggesting that grow rate of embryos drop in patients with EM. 8 Resistin is known as a fat tissue-specific factor and is closely related to the inflammatory response. Yi et al. determined that the mean concentration of PF resistin was significantly higher in women with endometriosis compared to the controls. 9 The resistin levels increase during acute inf lammation and have been found to be positively associated with inflammatory factors such as C-reactive protein (CRP). 10, 11 A meta-analysis of the resistin levels in 6636 patients reported that the resistin levels were higher in women than in men. 12 IL-23 is a type of inflammatory cytokine that is known to participate in autoimmune diseases by promoting inf lammation. 13, 14 Ours is the first study to explore the mechanism of EM fertility by determining the relationship between FF and serum resistin and IL-23 expression levels and the IVF/ET pregnancy outcome in EM patients.
The FF and serum resistin levels were significantly higher in the EM group than in the control group (p < 0.05). The FF and serum IL-23 levels in the EM group showed an increasing trend compared to the control group, although this difference was not significant (p > 0.05).
Chen et al. studied the resistin levels in patients with and without and they suggested that the serum resistin levels might be a good predictor of ovarian response in infertile women without polycystic ovary syndrome (PCOS) during IVF. 15 Further studies should investigate the role of serum resistin in response to inflammation caused by EM or chronic pelvic infection, both of which are major causes of female infertility. The findings of this study suggest a potent role of resistin in endometriosis. Further studies are needed to elucidate the biological implications of resistin in EM. The role of serum resistin in response to the inflammation caused by endometriosis or chronic pelvic infection should be examined in closer detail.
We also determined that EM was associated with increased levels of follicular IL-23. This result was not surprising. Impaired follicular fluid microenvironment characterized by elevated inflammatory cytokines may be the cause for poor oocyte quality, which could lead to poor IVF outcomes in patients with endometriosis. 14, 15 The FF resistin and IL-23 levels were significantly higher (p < 0.05) in patients with severe EM (stages III and IV) than in patients with milder EM (stages I-II). Similarly, the serum resistin and IL-23 levels were significantly higher (p < 0.01) in patients with severe EM (stages III and IV) than in patients with milder EM (stages I-II). Andreoli et al. measured the IL-23 levels in the serum and peritoneal fluid of women with minimal or mild EM and compared them with the corresponding levels in control subjects without endometriosis. 16 Higher IL-23 levels were encountered in the peritoneal fluid of women with EM, suggesting a possible role of this cytokine in infertility in these women.
Many retrospective studies have investigated the IVF/ET outcomes in women with EM. 1, [17] [18] [19] Harkki et al. described that the Gn duration and Gn dose increased while the E 2 level decreased in patients with EM. 17 We observed similar results in the E 2 level in EM patients on the day of hCG administration (2239.68 ±788.9 pg/mL v s 2 5 5 6 . 8 0 ± 10 5 0 . 7 6 p g /m L ; p > 0.05), which was lower than the corresponding level in the control group. Kuivasaari et al. reported that the oocyte recovery, implantation, and clinical pregnancy rates were significantly lower in EM patients than in control subjects, which was similar to our findings: we observed a lower implantation rate in EM patients. 18 In a meta-analysis, Barnhart et al. found that the implantation and clinical pregnancy rates were lower in the EM group than in the control group. 1 Similar to these findings, we found that 20 The number of oocytes retrieved and the fertilization rate were significantly lower in the EM group than in the tubal group, but there was no significant difference in the percentage of metaphase II (M2) oocytes, cleavage rate, and percentage of grade 1 embryos formed between the 2 groups. Moreover, the mean number of embryos transferred did not differ between the 2 groups. The clinical pregnancy rate between the 2 groups was comparable.
The duration of GnRH-a downregulation, Gn dose, Gn duration, rate of fertilization, rate of cleavage, clinical pregnancy rate, OHSS, and abortion rate between the EM group and control group during IVF/ET therapy were compared, and the differences were not statistically significant. The clinical pregnancy rate in the EM and control groups were 33.87% (21/62) and 52.78% (19/36), respectively, and although this difference was not of statistical significance (p > 0.05), the EM group had a lower implantation rate.
Finally, EM is the cause of infertility where multiple factors are involved, and the high expression levels of resistin and IL-23 lead to inf lammation and play an important role in the formation of EM; thus, inhibition of inflammation and improving the IVF-ET implantation rate and clinical pregnancy rate may be effective methods in treating EM.
